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Abstract
Purpose  The purpose of this study was to assess changes in health-related quality of life (HRQL) and work intensity fol-
lowing double-level knee osteotomy (DLO). It was hypothesized that postoperative HRQL would be comparable to that of 
the general population and that work intensity can be restored in the short term.
Methods  Twenty-four patients (28 varus knees; mechanical tibiofemoral angle: −11.0 ± 3.0° (−6.0 to −17.0), age: 49.1 ± 9.5 
(31–65) years) who underwent DLO were included. The duration the patients were unable to work was evaluated. HRQL 
was measured with the SF-36 questionnaire, which consists of a physical (PCS) and mental component summary score 
(MCS). The pre- to postoperative changes in the PCS and MCS were analysed. The PCS and MCS were also compared to 
those of the general population, who has a reference score value of 50 points. The work intensity measured with the REFA 
classification and the Tegner activity scale were assessed preoperatively and at the final postoperative follow-up examination 
(18.0 ± 10.0 (5–43) months).
Results  The duration that the patients were unable to work was 12.2 ± 4.4 (6–20) weeks. The PCS improved from 32.1 ± 11.3 
(14.5–53.3) preoperatively to 54.6 ± 8.5 (25.2–63.7) (p < 0.001) at the final follow-up, and the MCS improved from 53.9 ± 11.1 
(17.1–67.7) to 57.2 ± 3.1 (47.3–61.7) (n.s). The preoperative PCS was significantly lower than the reference score of the 
general population (p < 0.001), whereas the preoperative MCS was similar between the two groups (n.s.). At follow-up, no 
significant differences were observed between the PCS and the MCS of the patient group and those of the general popula-
tion. Five patients who were unable to work prior to surgery due to knee symptoms returned to work with moderate (four 
patients) or even very heavy (one patient) workloads. The Tegner activity scale increased significantly from a median of 2.0 
(0.0–5.0) to 4.0 (2.0–7.0) (p < 0.001).
Conclusion  Our results demonstrate an improvement in quality of life and return to working activity following DLO in the 
short term. The HRQL can be improved by DLO in patients with varus knee osteoarthritis to the level of the general popula-
tion. These results can assist surgeons in discussing realistic expectations when considering patients for DLO.
Level of evidence  Study type: therapeutic, IV.
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MPTA	� Medial proximal tibia angle
PF	� Physical functioning
RP	� Role physical
BP	� Bodily pain
GH	� General health
VT	� Vitality
SF	� Social functioning
RE	� Role emotional
MH	� Mental health
MCS	� Mental component summary score
PCS	� Physical component summary score
VAS	� Visual analogue scale
TKA	� Total knee arthroplasty

Introduction

The health-related quality of life (HRQL) is an established 
method for measuring postoperative outcomes following 
knee surgery [21, 37]. The SF-36 [40] questionnaire deter-
mines the HRQL subjectively and provides a way to com-
pare individual patients across age and sex differences with 
known scores of the German general population.

Knee osteoarthritis, chronic knee pain and loss of func-
tion can lead to limitations in daily activities [33]. They 
may also result in reduced work intensity or even require 
a change from jobs with high physical workloads to those 
with low workloads; additionally, heavy working conditions 
that involve frequent kneeling can also increase the risk of 
knee osteoarthritis [26]. Several nonsurgical and surgical 
procedures are available for treating osteoarthritis of the 
knee [6, 34]. In young and active patients with extra-artic-
ular varus malalignment and medial compartment osteo-
arthritis, high tibial osteotomy (HTO) is well established 
with good to excellent midterm outcomes and high rates 
of return to sporting activities [11, 23, 30]. Nevertheless, 
individual preoperative radiological analysis and surgical 
planning are mandatory for treatment selection. The indica-
tion and success of HTO depend on the localization (femoral 
or tibial) and the degree of the deformity [14, 32]. Especially 
for severe varus knee osteoarthritis, double-level osteotomy 
(DLO; open wedge HTO and closed wedge distal femoral 
osteotomy (DFO)) have received increased clinical and sci-
entific attention in recent years [28, 39], and previous studies 
have reported significant improvements in various clinical 
outcomes [3, 28]. It has been shown that a large amount 
of correction in open wedge HTO with a resulting joint-
line obliquity of 5° or more can induce high shear stress 
on articular cartilage [27]. Inferior results and additional 
varus deformity of the distal femur were found in patients 
after single open wedge HTO [41]. In these cases, DLO 
should be considered a treatment option [27]. To the authors’ 

knowledge, there is no study available describing the HRQL, 
the ability to return to work and changes in work intensity 
following DLO. Considering that adequate patient educa-
tion prior to surgery is crucial and that unrealistic patient 
expectations have been shown to have a negative impact 
on patient-reported outcomes, this information would be of 
great importance in daily clinical practice [10, 12].

The aim of this retrospective study was to assess the 
change in HRQL and work intensity following DLO in 
patients with varus osteoarthritis. It is hypothesized that 
comparable HRQL values to those of the general popula-
tion can be achieved after surgery and that work intensity 
can be restored in the short term.

Materials and methods

Within a 3-year timeframe, 249 patients underwent oste-
otomy for varus deformity of the lower extremity in one 
single traumatology and orthopaedic department. Of these, 
33 patients (37 knees) were treated with DLO by two expe-
rienced surgeons. A clinical and radiological examination 
was performed before surgery and at follow-up at least 
5 months following surgery (18.0 ± 10.0 (5–43) months). 
Nine patients declined to participate or were not available 
for the follow-up examination. At the final follow-up, data 
from 24 patients (28 knees) with a mean age of 49.1 ± 9.5 
(31–65) years were available for further statistical analysis 
(Fig. 1). The demographic and radiological baseline data 
of the study population are shown in Table 1. Four patients 
received DLO on both knees; for these patients, there was 
an interval of at least 1 year between the first and second 
surgery, and the score was assessed for both sides at the 
same time after the second surgery. All scores, including the 
HRQL and the duration the patients were unable to work, 
were assessed for each knee. The study was approved by the 
local ethics committee (103/2013BO2). All participants gave 
their written informed consent to participate in the study.

Treatment with DLO

Deformity analysis and osteotomy planning were performed 
using long-leg weight-bearing radiographs at baseline and 
follow-up. The mediCAD® digital planning software (medi-
CAD Hectec, Altdorf/Landshut, Germany) was used. Indi-
cation criteria for DLO included symptomatic varus mala-
lignment (mechanical tibiofemoral angle (mTFA) greater 
than −5° varus) and medial compartment osteoarthritis; the 
procedure was performed when simulation of an open wedge 
HTO resulted in a medial proximal tibial angle (MPTA) 
of more than 94° or when deformity analysis showed a 
mechanical lateral distal femoral angle (mLDFA) of over 
90° in combination with an MPTA under 87°. The surgical 
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technique and radiological results have been published pre-
viously [39]. For rehabilitation, all patients were assigned to 
20 kg partial weight-bearing using two crutches for 6 weeks 
followed by full weight-bearing. No braces or casts were 
used. Postoperatively, active physiotherapy was started after 
the removal of drainage. In addition, the patients used an 
active motion splint (CAMOped; OPED, Valley/Oberlain-
dern, Germany) for 6 weeks [39].

Outcome parameters

The HRQL was measured using the SF-36 questionnaire, 
which consists of eight subscales: physical function-
ing (PF), role physical (RP), bodily pain (BP), general 
health (GH), vitality (VT), social functioning (SF), role 
emotional (RE) and mental health (MH). From these sub-
scales, the mental component summary score (MCS) and 
the physical component summary score (PCS) can be cal-
culated. All subscales, as well as the MCS and PCS, were 
adjusted for age and sex, which allows comparisons of 
the scores of individual patients with those of the gen-
eral population for the same demographic characteristics 
[15]. Norm-based scoring was conducted in which the raw 
values were transformed such that values above 50 corre-
sponded to a score above the general population, while a 
score below 50 corresponded to a score below the age- and 
sex-adjusted general population [15].

Duration of the inability to work was recorded. Work 
intensity was assessed by the REFA classification [38] and 
the Tegner activity scale preoperatively and at the short-
term follow-up. The patient’s work intensity was assigned 
to one of four categories according to the REFA classifica-
tion (REFA = 1: low work intensity; REFA = 2: moderate 
work intensity; REFA = 3: high work intensity; REFA = 4: 
very heavy work intensity); this classification system has 
been used to describe potential workload changes in ortho-
paedics [20, 38]. The REFA classification and the duration 
of the inability to work, were assessed only in patients who 

Fig. 1   Patient flow chart shows 
patient acquisition and reasons 
for exclusion from the study

Excluded (patient health record)
•

(n=212 knees)

Excluded
• declined to participate (n=2 knees)

• missing contact information (n=4 knees)

• patient missed appointment several times (n=3 knees)

Assessed for eligibility 
(n=37 knees)

Database query for osteotomies around the knee
(n=249 knees)

between 2011-2014

Statistical analysis
(n=28)

single level osteotomies, valgus knee OA, other osteotomies

Table 1   Patient baseline characteristics [Mean ± standard deviation 
(minimum–maximum)]

mTFA mechanical tibiofemoral angle; MPTA medial proximal tibia 
angle, mLDFA mechanical lateral distal femur angle; JLCA joint line 
convergence angle; “−” means varus, “ + ” means valgus deviation of 
the mTFA

Follow-up [months] 18.0 ± 10.0 (5−43)
Gender Male: 20

Female: 4
Age at time of surgery [years] 49.1 ± 9.5 (31–65)
Body mass index [kg/m2] 29.9 ± 4.9 (21−43)
Affected side Left: 15

Right:13
mTFA preoperative [°] −10.8 ± 2.8 (−6.0 to −17.0)
MPTA preoperative [°] 84.3 ± 2.7 (78.0–88.0)
mLDFA preoperative [°]
JLCA preoperative [°]
JLCA postoperative [°]

91.6 ± 2.3 (86.0–96.0)
3.5 ± 1.8 (0.0–7.0)
3.0 ± 1.9 (0.0–8.0)
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were able to work prior to the operation. In patients who 
were already retired, the work-related analyses were not 
performed. Furthermore, the visual analogue scale (VAS) 
score was determined to measure and compare pre- and 
postoperative knee pain.

Statistical analysis

Statistical analysis was performed with IBM SPSS® Ver-
sion 24 (Armonk, NY, USA). Descriptive data are presented 
as the mean ± standard deviation (minimum–maximum) or 
the median (minimum–maximum). The normality of the dis-
tribution of the data was tested using the Shapiro–Wilk test. 
The Wilcoxon test was used to assess the pre- to postopera-
tive differences in the SF-36 total and subscale scores, the 
VAS scores and the Tegner activity levels. To compare the 
total and subscale scores of the SF-36 to those of the general 
population, one-sample t tests were conducted using a score 
value 50 as the test value. The statistical significance level 
was set at p ≤ 0.05 for all tests.

Results

All SF-36 subscale scores improved following DLO in the 
short-term follow-up (Table 2). The PCS showed a signifi-
cant improvement from 32.1 ± 11.3 (14.5–53.3) to 54.6 ± 8.5 
(25.2–63.7) (p < 0.001) (Fig.  2a), while the increase in 
the MCS was not statistically significant (53.9 ± 11.1 
(17.1–67.7) to 57.2 ± 3.1 (47.3–61.7), n.s.) (Fig. 2b).

The preoperative scores for the subscales describing 
physical components (PF, RP, BP, GH) and the summary 
PCS showed significantly lower values than corresponding 
age- and sex-adjusted values of the general population (PF, 
RP, BP: p < 0.001; GH: p = 0.007). The differences between 
the patients and the general population regarding the preop-
erative MCS and the scores of the corresponding subscales 
(VT, SF, RE, MH) were not significantly different (all n.s.).

Table 2   SF-36 with the subscales at both acquisition times

The changes between preoperative and the follow-up regarding the 
two summary scores (PCS, MCS) and the subscales were tested using 
the Wilcoxon-test. PCS is formed by the subscales representing phys-
ical health, while MCS is based on the subscales representing mental 
health
All values are arithmetic means ± standard deviation (minimum−
maximum)
All values are adjusted for age and sex differences
PCS physical health component summary score, MCS mental health 
component summary score, PF physical functioning, RP physical role 
functioning, BP bodily pain, GH general health perception, VT vital-
ity, SF social role functioning, RE emotional role functioning, MH 
mental health

Score Preoperative Follow-up P value

PCS 32.1 ± 11.3 (14.5–53.3) 54.6 ± 8.5 (32.6–63.7)  < 0.001
 PF 29.3 ± 15.5 (−6.2–52.6) 49.7 ± 8.8 (26.7–58.2)  < 0.001
 RP 33.4 ± 10.5 (17.4–53.2) 49.9 ± 8.8 (23.3–57.1)  < 0.001
 BP 36.9 ± 7.6 (26.0–56.7) 57.9 ± 6.3 (45.4–64.4)  < 0.001
 GH 53.8 ± 6.1 (34.4–62.2) 61.6 ± 4.7 (49.4–68.9)  < 0.001

MCS 53.9 ± 11.1 (17.1–67.7) 57.2 ± 3.1 (50.1–61.7) n.s.
 VT 46.8 ± 10.9 (25.3–61.3) 54.7 ± 5.2 (42.2–64.4) 0.001
 SF 48.6 ± 15.3 (10.8–57.8) 56.2 ± 3.2 (42.2–57.8) 0.012
 RE 45.3 ± 16.2 (−9.4–54.3) 53.5 ± 2.5 (42.4–55.3) 0.005
 MH 52.8 ± 8.6 (33.6–63.9) 57.6 ± 4.3 (47.1–63.9) 0.003

Fig. 2   The physical health com-
ponent summary scores (PCS) 
improved significantly from 
the preoperative (preOP) to the 
postoperative period (p < 0.001). 
The mental health component 
summary scores (MCS) did not 
change significantly between the 
two time points (n.s.). The refer-
ence score values for the general 
population were 50 after adjust-
ing for age and sex (red line)
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At follow-up, the PCS and the PF and RP subscale scores 
were similar (n.s.), while the BP and GH subscale scores 
(p < 0.001) were greater than those of the general population. 
The MCS and the scores of the VT, SF and MH subscales 
were significantly higher than those of the general popula-
tion at the time of follow-up (all p < 0.001). For RE, no sig-
nificant difference was observed between the scores of the 
patient group and those of the general population (n.s.). The 
values of all subscales prior to surgery and during follow-up 
and the reference values of the general population are shown 
in Fig. 3.

Changes in work intensity were measured with the REFA 
classification and are presented in Fig. 4. Prior to surgery, 
5 patients were already retired, and thus their data were not 
subjected to work-related analysis. All patients who were 
unable to work due to knee complaints (5 of 23 cases) 
returned to work in the short term. Four of these patients 
shifted to moderate and 1 to very heavy work intensity. 
The general duration of the inability to work was 12.2 ± 4.4 
(6–20) weeks.

The Tegner activity scale increased significantly from a 
median of 2.0 (0.0–5.0) to 4.0 (2.0–7.0) (p < 0.001; Fig. 5). 
The VAS improved from 6.8 ± 2.3 (0.0–10.0) to 1.8 ± 1.9 
(0.0–9.0) (p < 0.001).

Discussion

The most important finding of the present study was that 
quality of life comparable to that of the general popula-
tion at short-term follow-up can be achieved by DLO in 
patients with varus malalignment and medial compartment 
knee osteoarthritis. The physical aspects of the HRQL were 
reduced prior to surgery and improved at follow-up. All 
patients who were unable to work before surgery due to 
symptomatic varus knee osteoarthritis were able to return 
to work with moderate or even very heavy workloads. The 
duration of the inability to work was 12.2 ± 4.4 (6–20) weeks 
with an improved pain situation. Based on these results, sur-
geons can preoperatively assume that patients will return 
to work following DLO in the short term regardless of the 
work intensity. Moreover, patient HRQL will be improved, 
leading to high patient satisfaction. This information can be 
used to improve patient education, preoperative counselling 
and expectation management.

Quality of life

The incidence of osteoarthritis increases with age, while 
quality of life decreases in the elderly population. This is 

Fig. 3   Radar plot showing the 
pre- and postoperative subscale 
scores of the SF-36 and a com-
parison with those of the gen-
eral population. Preoperatively, 
the scores of the physical health 
subscales (PF, RP, BP) were 
lower than those of the general 
population (50 points). Postop-
eratively, the subscale scores 
increased and were similar to 
those of the general population. 
The preoperative and postop-
erative scores of the mental 
health subscales (MH, VT, SF, 
RE) were both similar to the 
scores of the general population 
(GP). PF physical functioning, 
RP physical role functioning, 
BP bodily pain, GH general 
health perception, VT vitality, 
SF social role functioning, RE 
emotional role functioning, MH 
mental health, preOP preopera-
tive recording
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based on several factors, such as a reduction in daily activi-
ties and increased physical disabilities and morbidities [25, 
35]. Knee osteoarthritis has a substantial negative impact 
on both patients’ daily living activities and their expecta-
tions of treatment outcomes [4]. Subjective factors such as 
pain, social and physical role functioning and mental and 
emotional stability are often compromised in patients with 
degenerative joint diseases. These factors are important cri-
teria for evaluating treatment outcomes. For example, Saier 
et al. showed that the preoperative mental health status and 
expectation of the treatment outcome of the patient are rel-
evant to the clinical outcome after HTO [37]. Furthermore, 
quality of life is an important factor for returning to work 
[16, 37].

The results of the present study showed improvement in 
the quality of life in the short term, especially in its physi-
cal aspects, which is comparable to previously published 
literature on open wedge HTO surgery [15, 42]. For exam-
ple, Herbst et al. described an improvement during the first 
6 months in the physical components score of the SF-36 
from 31.4 ± 14.0 preoperatively to 40.7 ± 14.5 [15]. How-
ever, the scores were lower than those of the general popula-
tion (18.6 ± 14.0) preoperatively, after 6 months (9.3 ± 14.5) 

and after 12 months (4.9 ± 15.0). They [15] also showed 
that the mental components score of the SF-36 was similar 
preoperatively and 6 months postoperatively to that of the 
general population and increased by an average of 2.5 ± 12.1 
points during the first 6 months. This is in accordance with 
the results of the present study. Herbst et al. also showed a 
slight decline in the quality of life between 18 and 72 months 
postoperatively following HTO [15]. Saier et al. reported 
that patients achieved the maximum subjective quality of life 
(SF-36) 6 to 12 months after open wedge HTO and that it 
remained largely constant [19]. Based on the short follow-up 
period of the present study, the mid- and long-term quality 
of life remains unclear and needs further investigation. In 
addition to improvement in quality of life following DLO, 
previous studies reported good clinical midterm outcomes 
[5, 22, 28]. DLO can restore lower limb alignment and joint 
angles by preventing changes in leg length in varus mala-
lignment. Furthermore, joint line obliquity can be avoided 
compared to isolated high tibial osteotomy [3, 5, 39].

Fig. 4   The work intensity 
measured with the REFA clas-
sification is presented preop-
eratively (preOP) and at the 
follow-up. Five patients were 
unable to work preoperatively 
due to knee complaints. At the 
follow-up, these 5 patients were 
able to work with moderate 
work intensity (4 patients) and 
even very heavy work intensity 
(1 patient). preOP preoperative 
recording, REFA 1 low work 
intensity, REFA 2 moderate 
work intensity, REFA 3 high 
work intensity, REFA 4 very 
heavy work intensity
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Return to work

Especially for young patients, a high rate of return to work 
and a short duration of work inability are important crite-
ria for the treatment decision to avoid work disadvantages 
even job loss due to a long absence. In the present study, 
all patients except those who were retired at the start of 
the study were able to work after DLO. This high rate 
of return to work is comparable to that following open 
wedge HTO, which has been found to be 85% on average, 
ranging between 41% and 100% [17]. Approximately nine 
out of ten patients treated with distal femoral osteotomy 
returned to work [8, 19, 36]. In addition to returning to the 
workplace, patients aim to reach the same work intensity 
they had preoperatively. As shown by Agarwalla et al. [1], 
young and active patients with medial compartment osteo-
arthritis are able to return to work with the same work 
intensity as prior to HTO surgery. This is in accordance 
with the data of the present study regarding DLO treat-
ment, as patients with high work intensity were able to 
return to the same intensity as before. However, patients 
working in higher intensity occupations need more time to 
return to the workplace following osteotomies around the 
knees [1, 7, 9]. Puzzitiello et al. [36] showed that all 32 
patients with valgus knee osteoarthritis treated with distal 

femoral varus osteotomy returned to work an average of 
6 months postoperatively. The duration of work absence 
was dependent on the work intensity; patients with high 
work intensity needed 13.8 months, and patients with light 
work intensity needed an average of 2.7 months. Seven 
patients in their cohort changed jobs or kept the same 
job but had a lighter workload. Patients following HTO 
were unable to work on average 2.9 ± 2.0 months [2] or 
87 days [38]. In the cohort of the present study, the mean 
duration of work inability was 12.2 ± 4.4 weeks, with a 
maximum of 20 weeks. This underlines that DFO, DLO or 
HTO treatment for knee osteoarthritis has similar effects 
regarding restoration of the patient’s work ability.

In addition to work intensity, other factors influence the 
ability to return to work, including socioeconomic factors 
such as disability coverage, health insurance and economic 
need [18]. Horrntje et al. [18] showed that breadwinners 
were more likely to return to work, whereas patients with 
preoperative sick leave were less likely to return to work 
within 6 months after HTO surgery. Furthermore, postopera-
tive quality of life and return to work are dependent on the 
incidence of intraoperative and postoperative complications. 
The reported complications for DLO and their incidence are 
similar to those of open wedge HTO. Both the incidence of 
hinge fractures, of which 30.6% are related to the medial 
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hinge in lateral closed wedge distal femoral osteotomy [29], 
and the incidence of deep vein thrombosis (6.8% [31]) are 
comparable to those in HTO. Furthermore, the duration to 
returning to work is influenced by the postoperative rehabili-
tation protocol. Partial weight-bearing allows patients with 
low work intensity to return to work earlier. Early weight-
bearing [13] and 6-week partial weight-bearing [39] have 
been described for postoperative rehabilitation, which is 
similar to the rehabilitation protocol of the present study.

The limitations of the present study are the short fol-
low-up period and the wide range of follow-up durations. 
It remains unclear whether the patients were able to main-
tain the same work intensity over a longer period of time. 
However, all patients were able to return to their previous 
work as well as their previously described work intensity, 
at least in the short term. Furthermore, the study provides 
data about the subjective quality of life and the return to 
work after DLO, which were previously missing in the 
literature. In addition, significant improvements and even 
values comparable to the normal population were found in 
the short-term follow-up for the quality of life at the time 
of the return to work. Another limitation is the retrospec-
tive design for assessing the quality of life measured at 
the time of follow-up to determine the preoperative health 
status. However, Lawson et al. described that this type 
of data collection is a valid way to estimate the baseline 
health status [24]. A further limitation is the relatively 
small sample size, that no power analysis was performed 
and that four patients received DLO on both knees, but 
the score assessment was performed for both knees at 
one time point. However, there was an interval of at least 
1 year between the first and second surgery, and patients 
returned to work between procedures. Further research is 
needed to analyse the impact of physiological joint angles 
as achieved by DLO on quality of life over time and sur-
vival rate. Although similar clinical outcomes and survival 
rates to HTO were achieved, it should be noted that DLO 
is usually preceded by a more severe preoperative axial 
deformity than HTO.

Conclusions

The results of the present study demonstrate improvement 
in the quality of life and return to working activity follow-
ing DLO even in the short term. Both quality of life and 
work intensity can be improved by DLO in patients with 
varus malalignment and medial compartment osteoarthri-
tis to the levels of the general population. This knowledge 
is important for realistic patient education prior to lower 
limb deformity correction.

Author contributions  CI: statistical analysis, drafting and writing the 
manuscript. JD: data acquisition, revision of the manuscript. AA: data 
acquisition, revision of the manuscript. HB: study design, revision of 
the manuscript. MH: statistical analysis, revision of the manuscript. 
SD: data acquisition, revision of the manuscript. TH: revision of the 
manuscript, study design. SS: data acquisition, study design, supervi-
sion of the study, revision of the manuscript. MDA: data acquisition, 
writing the manuscript, revision of the manuscript.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. No funding was received.

Declarations 

Conflict of interest  SS is a member of the AO Joint Preservation and 
Osteotomy Expert Group. All other authors declare no potential con-
flict of interest.

Ethical approval  The study was approved by the local ethics committee 
of the University of Tübingen (103/2013BO2).

Informed consent  Informed consent was provided by all patients 
included into the study.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Agarwalla A, Christian DR, Liu JN, Garcia GH, Redondo ML, 
Gowd AK et al (2020) Return to work following high tibial oste-
otomy with concomitant osteochondral allograft transplantation. 
Arthroscopy 36:808–815

	 2.	 Agarwalla A, Christian DR, Liu JN, Garcia GH, Redondo ML, 
Yanke AB et al (2021) Return to work following isolated opening 
wedge high tibial osteotomy. Cartilage 12:468–474

	 3.	 Akamatsu Y, Nejima S, Tsuji M, Kobayashi H, Muramatsu S 
(2021) Joint line obliquity was maintained after double-level oste-
otomy, but was increased after open-wedge high tibial osteotomy. 
Knee Surg Sports Traumatol Arthrosc. https://​doi.​org/​10.​1007/​
s00167-​020-​06430-6

	 4.	 Araujo IL, Castro MC, Daltro C, Matos MA (2016) Quality of life 
and functional independence in patients with osteoarthritis of the 
knee. Knee Surg Relat Res 28:219–224

	 5.	 Babis GC, An KN, Chao EY, Rand JA, Sim FH (2002) Double 
level osteotomy of the knee: a method to retain joint-line obliquity. 
Clinical results. J Bone Joint Surg Am 84:1380–1388

	 6.	 Bijlsma JW, Berenbaum F, Lafeber FP (2011) Osteoarthritis: an 
update with relevance for clinical practice. Lancet 377:2115–2126

	 7.	 Bode G, Ogon P, Pestka J, Zwingmann J, Feucht M, Sudkamp 
N et al (2015) Clinical outcome and return to work following 

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00167-020-06430-6
https://doi.org/10.1007/s00167-020-06430-6


1554	 Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:1546–1555

1 3

single-stage combined autologous chondrocyte implantation and 
high tibial osteotomy. Int Orthop 39:689–696

	 8.	 de Carvalho Jr LH, Temponi EF, Soares LF, Goncalves MB, Costa 
LP (2014) Physical activity after distal femur osteotomy for the 
treatment of lateral compartment knee osteoarthritis. Knee Surg 
Sports Traumatol Arthrosc 22:1607–1611

	 9.	 Faschingbauer M, Nelitz M, Urlaub S, Reichel H, Dornacher D 
(2015) Return to work and sporting activities after high tibial 
osteotomy. Int Orthop 39:1527–1534

	10.	 Feucht MJ, Cotic M, Saier T, Minzlaff P, Plath JE, Imhoff AB et al 
(2016) Patient expectations of primary and revision anterior cruci-
ate ligament reconstruction. Knee Surg Sports Traumatol Arthrosc 
24:201–207

	11.	 Furmetz J, Patzler S, Wolf F, Degen N, Prall WC, Soo C et al 
(2020) Tibial and femoral osteotomies in varus deformities—
radiological and clinical outcome. BMC Musculoskelet Disord 
21:201

	12.	 Grunwald L, Angele P, Schroter S, Dickschas J, Harrer J, Hinter-
wimmer S et al (2019) Patients’ expectations of osteotomies 
around the knee are high regarding activities of daily living. Knee 
Surg Sports Traumatol Arthrosc 27:3022–3031

	13.	 Hai H, Takahashi I, Shima N, Udono K, Yamaguchi N, Ito A 
(2020) Preliminary evaluation of the efficacy of postoperative 
early weight-bearing rehabilitation protocol for patients after 
double-level osteotomy. Prog Rehabil Med 5:20200017

	14.	 He A, Mao Y, Zhou Y, Kong Q, Zhang H, Chen Y et al (2020) Pre-
operative planning by osteotomy master software helps to improve 
the accuracy of target limb alignment in high tibial osteotomy. J 
Orthop Surg Res 15:504

	15	 Herbst M, Ahrend MD, Grunwald L, Fischer C, Schroter S, Ihle C 
(2021a) Overweight patients benefit from high tibial osteotomy to 
the same extent as patients with normal weights but show inferior 
mid-term results. Knee Surg Sports Traumatol Arthrosc. https://​
doi.​org/​10.​1007/​s00167-​021-​06457-3

	16.	 Herbst M, Kuwashima U, Ahrend MD, Gueorguiev BG, Schroter 
S, Ihle C (2021b) Health-related quality of life—an underesti-
mated factor to evaluate the treatment success after open wedge 
HTO surgery: prospective 6-years follow-up. Z Orthop Unfall 
159:288–297

	17.	 Hoorntje A, Witjes S, Kuijer P, Koenraadt KLM, van Geenen RCI, 
Daams JG et al (2017) High rates of return to sports activities and 
work after osteotomies around the knee: a systematic review and 
meta-analysis. Sports Med 47:2219–2244

	18.	 Hoorntje A, Kuijer PPF, van Ginneken BT, Koenraadt KL, van 
Geenen RC, Kerkhoffs GM et al (2019a) Predictors of return to 
work after high tibial osteotomy: the importance of being a bread-
winner. Orthop J Sports Med 7:2325967119890056

	19.	 Hoorntje A, van Ginneken BT, Kuijer P, Koenraadt KLM, van 
Geenen RCI, Kerkhoffs G et al (2019b) Eight respectively nine 
out of ten patients return to sport and work after distal femoral 
osteotomy. Knee Surg Sports Traumatol Arthrosc 27:2345–2353

	20.	 Ihle C, Ateschrang A, Albrecht D, Mueller J, Stockle U, Schroter 
S (2014) Occupational consequences after isolated reconstruction 
of the insufficient posterior cruciate ligament. BMC Res Notes 
7:201

	21.	 Ihle C, Ateschrang A, Grunwald L, Stockle U, Saier T, Schroter 
S (2016) Health-related quality of life and clinical outcomes fol-
lowing medial open wedge high tibial osteotomy: a prospective 
study. BMC Musculoskelet Disord 17:215

	22.	 Iseki T, Onishi S, Kanto M, Kanto R, Kambara S, Yoshiya S et al 
(2021) Double-level osteotomy for severe varus osteoarthritic 
knees can prevent change in leg length and restore physiological 
joint geometry. Knee 31:136–143

	23.	 Kanto R, Nakayama H, Iseki T, Onishi S, Ukon R, Kanto M 
et al (2021) Return to sports rate after opening wedge high tibial 

osteotomy in athletes. Knee Surg Sports Traumatol Arthrosc 
29:381–388

	24.	 Lawson A, Tan AC, Naylor J, Harris IA (2020) Is retrospective 
assessment of health-related quality of life valid? BMC Muscu-
loskelet Disord 21:415

	25.	 Magnusson K, Turkiewicz A, Englund M (2019) Nature vs nurture 
in knee osteoarthritis—the importance of age, sex and body mass 
index. Osteoarthritis Cartilage 27:586–592

	26.	 McWilliams DF, Leeb BF, Muthuri SG, Doherty M, Zhang W 
(2011) Occupational risk factors for osteoarthritis of the knee: a 
meta-analysis. Osteoarthritis Cartilage 19:829–839

	27.	 Nakayama H, Schroter S, Yamamoto C, Iseki T, Kanto R, Kuro-
saka K et al (2018) Large correction in opening wedge high tibial 
osteotomy with resultant joint-line obliquity induces excessive 
shear stress on the articular cartilage. Knee Surg Sports Traumatol 
Arthrosc 26:1873–1878

	28.	 Nakayama H, Iseki T, Kanto R, Kambara S, Kanto M, Yoshiya 
S et al (2020) Physiologic knee joint alignment and orientation 
can be restored by the minimally invasive double level osteotomy 
for osteoarthritic knees with severe varus deformity. Knee Surg 
Sports Traumatol Arthrosc 28:742–750

	29.	 Nakayama H, Kanto R, Onishi S, Kambara S, Amai K, Yoshiya S 
et al (2021) Hinge fracture in lateral closed-wedge distal femoral 
osteotomy in knees undergoing double-level osteotomy: assess-
ment of postoperative change in rotational alignment using CT 
evaluation. Knee Surg Sports Traumatol Arthrosc 29:3337–3345

	30.	 Ollivier B, Berger P, Depuydt C, Vandenneucker H (2021) Good 
long-term survival and patient-reported outcomes after high tib-
ial osteotomy for medial compartment osteoarthritis. Knee Surg 
Sports Traumatol Arthrosc 29:3569–3584

	31.	 Onishi S, Iseki T, Kanto R, Kanto M, Kambara S, Yoshiya S et al 
(2021) Incidence of and risk factors for deep vein thrombosis in 
patients undergoing osteotomies around the knee: comparative 
analysis of different osteotomy types. Knee Surg Sports Traumatol 
Arthrosc 29:3488–3494

	32.	 Pannell WC, Heidari KS, Mayer EN, Zimmerman K, Heck-
mann N, McKnight B et al (2019) High tibial osteotomy sur-
vivorship: a population-based study. Orthop J Sports Med 
7:2325967119890693

	33.	 Park HM, Kim HS, Lee YJ (2020) Knee osteoarthritis and its 
association with mental health and health-related quality of life: a 
nationwide cross-sectional study. Geriatr Gerontol Int 20:379–383

	34.	 Petersen W, Ellermann A, Henning J, Nehrer S, Rembitzki IV, 
Fritz J et al (2019) Non-operative treatment of unicompartmental 
osteoarthritis of the knee: a prospective randomized trial with two 
different braces-ankle-foot orthosis versus knee unloader brace. 
Arch Orthop Trauma Surg 139:155–166

	35.	 Puciato D, Borysiuk Z, Rozpara M (2017) Quality of life and 
physical activity in an older working-age population. Clin Interv 
Aging 12:1627–1634

	36.	 Puzzitiello RN, Liu JN, Garcia GH, Redondo ML, Forlenza EM, 
Agarwalla A et al (2020) Return to work after distal femoral varus 
osteotomy. Orthop J Sports Med 8:2325967120965966

	37.	 Saier T, Minzlaff P, Feucht MJ, Lammle L, Burghoff M, Ihle 
C et al (2017) Health-related quality of life after open-wedge 
high tibial osteotomy. Knee Surg Sports Traumatol Arthrosc 
25:934–942

	38.	 Schroter S, Mueller J, van Heerwaarden R, Lobenhoffer P, Stockle 
U, Albrecht D (2013) Return to work and clinical outcome 
after open wedge HTO. Knee Surg Sports Traumatol Arthrosc 
21:213–219

	39.	 Schroter S, Nakayama H, Yoshiya S, Stockle U, Ateschrang A, 
Gruhn J (2019) Development of the double level osteotomy in 
severe varus osteoarthritis showed good outcome by preventing 
oblique joint line. Arch Orthop Trauma Surg 139:519–527

https://doi.org/10.1007/s00167-021-06457-3
https://doi.org/10.1007/s00167-021-06457-3


1555Knee Surgery, Sports Traumatology, Arthroscopy (2023) 31:1546–1555	

1 3

	40.	 Tarlov AR, Ware JE Jr, Greenfield S, Nelson EC, Perrin E, 
Zubkoff M (1989) The medical outcomes study. An application 
of methods for monitoring the results of medical care. JAMA 
262:925–930

	41.	 Terauchi M, Shirakura K, Katayama M, Higuchi H, Takagishi K, 
Kimura M (2002) Varus inclination of the distal femur and high 
tibial osteotomy. J Bone Joint Surg Br 84:223–226

	42.	 Yang HY, Kang SJ, Kwak WK, Song EK, Seon JK (2020) The 
influence of preoperative tibial bone marrow edema on outcomes 

after medial opening-wedge high tibial osteotomy. J Bone Joint 
Surg Am 102:2068–2076

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Work intensity and quality of life can be restored following double-level osteotomy in varus knee osteoarthritis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 
	Level of evidence 

	Introduction
	Materials and methods
	Treatment with DLO
	Outcome parameters
	Statistical analysis

	Results
	Discussion
	Quality of life
	Return to work

	Conclusions
	References




